In recent years, serological assays for detecting recent HIV infection have been developed, primarily for epidemiological purposes, although they also have a potentially important role in individual diagnosis (6, 9) . These assays allow the incidence of HIV infection to be estimated in cross-sectional surveys, which are simpler to conduct, less expensive, shorter in time, and less resource intensive than the longitudinal studies usually used to investigate incidence.
One of these assays is the avidity index (AI) for antibodies against HIV, which is based on evidence that the antibody avidity/affinity for the antigen is low in the early phase of infection (0 to 12 months from infection) and increases with time until complete antibody maturation (3, 5, 17) . In previous studies using a third-generation commercial enzyme immunoassay (EIA) for HIV antibody detection (13) , the AI was fairly accurate in discriminating recent from established HIV infections among persons infected with B or non-B HIV subtypes (15, 16) . However, third-generation EIAs will soon be replaced by fourth-generation EIAs which, in addition to anti-HIV antibodies, detect HIV antigens. The objective of the present study was to compare a third-generation EIA to a fourthgeneration EIA in terms of AI performance in distinguishing between recent and established HIV infections, using serum samples from individuals with a known time of HIV seroconversion.
MATERIALS AND METHODS

Study population.
We conducted the present study using serum samples from 75 HIV-positive persons who had been diagnosed with HIV infection at the Microbiology and Virology Unit of the Hospital Spedali Civili in Brescia, Italy, and who since 2000 have been monitored at this unit. In particular, the serum samples were taken from: (i) persons with AIDS known to be HIV positive for at least 10 years (47 samples from 47 individuals) and thus considered to have "established infections" and (ii) persons who had not developed AIDS and for whom it was possible to estimate the date of HIV seroconversion (midpoint in time between the date of the last documented HIV-negative test and that of the first HIV-positive test). The latter category included 95 serial serum samples from 28 HIV-positive persons (average of 3.4 serial serum samples available [range, 1.0 to 8.0]). Persons who had seroconverted in the 6 months prior to taking the serum sample were considered to have "recent infections," whereas the remaining persons were considered to have "established infections (non-AIDS)."
Males accounted for 73.3% of the study participants. The median age was 39 years (interquartile range [IQR] , 33 to 45 years). Seven participants were from countries other than Italy. For all participants, HIV infection was diagnosed based on the criteria reported below (see "Laboratory methods," below). The basic condition for performing AI on serum samples was confirmed positivity to anti-HIV antibodies. Exclusion criteria. We excluded serum samples that had been collected during antiretroviral treatment, which can slow down the maturation of anti-HIV antibody avidity (12) . We also excluded samples that according to the fourth-generation EIA were positive only to the p24 antigen (see "Laboratory methods," above), given that the AI in a p24-positive serum sample is falsely high in early stages of infection because of the high affinity/avidity of the monoclonal antibodies contained in the assay reagents for p24 detection (data not shown).
AI procedure. Serum samples were stored in the same refrigerator at Ϫ20°C until testing; the mean storage time was 13.2 Ϯ 9.4 months. In accordance with a previously described procedure (13) , each sample was thawed, and two aliquots of 0.2 l each were subjected to a preanalytic dilution. One aliquot was diluted 1:10 with the dilution buffer included in the assay (both assays use a phosphatebuffered saline solution) (aliquot B), and the other aliquot was diluted 1:10 with a 1 M solution of guanidine hydrochloride (aliquot G) (8.0 M guanidine-HCl;, Pierce Industries, NY). After incubation at room temperature for 5 min, the aliquots were assayed by the automated AxSYM HIV 1/2 gO third-generation EIA and the Architect HIV Ag/Ab Combo fourth-generation EIA; since both assays are fully automated, only the sample preparation step was modified with the preanalytic dilution, whereas the subsequent steps were not altered. After obtaining the sample/cutoff (S/CO) value for aliquots B and G, the AI of the HIV antibodies was calculated using the following formula: AI ϭ (S/CO aliquot G )/(S/ CO aliquot B ). Thus, two AI results were obtained for each specimen: one with AxSYM HIV 1/2 gO and one with Architect HIV Ag/Ab Combo. All specimens were tested in parallel under routine conditions. Definition of recent infection and established infection according to the AI. Based on previous reports that a cutoff of 0.80 for the AI corresponded to a mean seroconversion duration of 180 days using AxSYM HIV 1/2 gO (13) or Architect HIV Ag/Ab Combo (14) , serum samples with an AI of Յ0.80 were classified as "recent infections" and those with an AI of Ͼ0.80 were classified as "established infections." The classification based on the AI was compared to that based on the date of seroconversion, considered as the reference. The sensitivity, specificity, false recent rate (the fraction of established infections that are falsely classified as recent-infections based on AI), and diagnostic accuracy of the AI in terms of correctly identifying the period of infection (i.e., recent or established) were then calculated separately for the two assays.
Definition of the AI gray zone around the cutoff of 0.80. Given the potential variation in the classification of samples with an AI close to the 0.80 cutoff, due to small variations that are inherent to the AI, we also analyzed the sensitivity, specificity, and accuracy of the AI after excluding the samples with an AI between 0.75 and 0.84. We defined this "gray zone" based on previous precision studies of the HIV AI performed with third-and fourth-generation EIAs (13, 14) , which showed that the coefficient of variation (CV) of the AI was Ͻ7%. Therefore, we defined the limits of the gray zone by subtracting and adding the CV to the selected cutoff of 0.80
Statistical analysis. To detect a 10% difference in accuracy between AIs measured with either AxSYM HIV 1/2 gO or Architect HIV Ag/Ab Combo, using a one-sided statistical significance threshold of 5% and taking into account a 1:1 ratio between the two groups, it is possible to predict a 85% power of the study by testing 145 samples with both assays. Sample size calculations were performed using Stata 8.0.
The median AI values obtained with AxSYM HIV 1/2 gO were compared to those obtained with Architect HIV Ag/Ab Combo, using the Mann-Whitney test. For each sample, the correlation between the AI values obtained with the two assays was calculated with the parametric test of the Pearson correlation coefficient (r). For the qualitative AI results (i.e., classification as a recent or an established infection), the concordance between the two assays was calculated with the nonparametric tests of concordance and Cohen's kappa coefficient (). Data analysis was performed using SPSS 17.0.
RESULTS
The median age of the 47 persons with AIDS was 39 years (IQR, 33 to 45 years); 36 were males. For the 28 participants for whom the date of seroconversion was estimated, the median age was 36 years (IQR, 30 to 41 years); 19 were males. In this group, the median interval between the date of the last HIV-negative test and that of the first HIV-positive test was 13 days (IQR, 7 to 46 days).
Based on the estimated seroconversion date, 66 (46.5%) serum samples were recent infections, and 76 (53.5%) were established infections (including the persons with AIDS). In Table 1 , this classification is compared to that based on the AI using the two EIAs. In Fig. 1 , the distribution of the AI values obtained with AxSYM HIV 1/2 gO (Fig. 1A) and Architect HIV Ag/Ab Combo ( Performance of the AI with AxSYM HIV 1/2 gO. The median AI was significantly lower for recent infections compared to established infections (0.54 Ϯ 0.21 and 0.97 Ϯ 0.08, respectively; P Ͻ 0.0001). The sensitivity of the AI in correctly classifying recent infections was 84.8% (56/66), the specificity was 97.4% (74/76), the false recent rate was 2.6% (2/76), and the accuracy was 91.5% (130/142; 95% confidence interval ϭ 86.9 to 96.1). When the 12 (8.4%) samples with the AI in the gray zone are excluded, the sensitivity was 88.3% (53/60), the specificity was 98.6% (69/70), and the accuracy was 93.8%; however, none of the increases were significant (P Ͼ 0.05).
Performance of the AI with Architect HIV Ag/Ab Combo. The median AI was significantly lower for recent infections compared to established infections (0.52 Ϯ 0.22 and 1.02 Ϯ 0.12, respectively; P Ͻ 0.0001). The sensitivity of the AI in correctly classifying recent infections was 89.4% (59/66), the specificity was 93.4% (71/76), the false recent rate was 6.6% 
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on October 2, 2017 by guest http://jcm.asm.org/ (5/76), and the accuracy was 91.5% (130/142; 95% confidence interval ϭ 86.9 to 96.1). When the 10 (7.0%) samples with the AI in the gray zone are excluded, the sensitivity was 91.7% (55/60), the specificity was 97.2% (70/72), and the accuracy was 94.7%; none of the increases were significant. A total of 34 antibody-positive samples were collected within 30 days of the estimated seroconversion date and tested for p24; of these, 9 were p24 positive. All nine samples were correctly classified by the AI as recent infections. These nine p24-positive samples were included in the calculations of sensitivity and specificity because they were also antibody positive.
Comparison between AxSYM HIV 1/2 gO and Architect HIV Ag/Ab Combo. The distribution of the AI values obtained with AxSYM HIV 1/2 gO and Architect HIV Ag/Ab Combo by classification is shown in Fig. 1 . The distribution of AI values was similar for the two assays. Specifically, all specimens obtained from persons with AIDS had an AI of Ͼ0.80 and were correctly classified as established infections, whereas six serum samples were misclassified as recent infections by both assays (Table 1) ; of these samples, four were drawn from two individuals.
The nonparametric analysis of the AI values obtained with the two assays showed an r correlation coefficient of 0.87 (P Ͻ 0.0001) (Fig. 2) . Regarding the qualitative AI (i.e., classification as recent or established infection), there was concordance between the two assays for 132 of the 142 samples (concordance rate of 92.9%; ϭ 0.86, P Ͻ 0.0001). The AI was in the gray zone for 12 samples with AxSYM HIV 1/2 gO and 10 samples with Architect HIV Ag/Ab Combo. When the 20 samples in the gray zone according to one of the assays were excluded, the concordance rate was 99.2%, ϭ 0.98, P Ͻ 0.0001), and a discordant result was found for only one sample.
DISCUSSION
This is the first study to compare a third-generation and a fourth-generation EIA for HIV in terms of the performance of the AI and to evaluate a fourth-generation assay in terms of the AI. Moreover, recent infections were distinguished from established infections based on the estimated date of seroconversion. Both assays showed good sensitivity (i.e., classification as recent infections) and specificity (i.e., classification as established infections). Although a high proportion of samples were correctly classified as established infections with both assays, this proportion was slightly higher with AxSYM HIV 1/2 gO. With regard to persons with AIDS, all samples were correctly classified as established infections with both assays, whereas with other assays the classification of persons with AIDS is not consistently accurate (9) . The proportion of sera correctly classified as recent infections was somewhat higher with Architect HIV Ag/Ab Combo, yet the overall accuracy was the same with both assays, and the concordance between assays was excellent. The simultaneous presence of p24 and anti-HIV antibodies, observed in a few samples, did not produce a confounding effect on the AI determination with Architect HIV Ag/Ab Combo, confirming the reliability of the assay.
Of interest is the finding that four of the seven samples that were misclassified by both assays were drawn from two per- sons, suggesting that in a few cases individual variability in the immunological response can lead to a rapid or slow maturation of the antibodies (11, 16, 17) .
The gray zone is commonly used in commercial assays that measure the avidity of antibodies against infectious diseases, such as cytomegalovirus infection and toxoplasmosis (4, 7) , with the scope of defining an area of uncertain results. In the present study, the proportion of sera included in the gray zone was small (Ͻ9%), and it was consistent with the proportions reported for other widely used avidity assays (4) . When these gray zone samples were excluded from the analysis, no significant change in the overall accuracy was observed with either assay, and the concordance between assays became almost absolute (99.2%), with only one discordant sample out of the gray zone. However, if the proportion of samples in the gray zone were higher (i.e., Ͼ15%), the overall classification of samples could be inaccurate. To address this issue, the gray zone samples could be assayed once or twice again, and the AI values could be averaged. Alternatively, an additional serum sample could be collected after some days, which would allow a clear crossing of the antibody avidity cutoff to be detected; this strategy has been recommended when testing for AI for other infectious agents (4, 7) .
The originality and advantage of the AI approach is that, since the AI is a continuous variable, the window period (or mean recency period, i.e., the time interval between seroconversion and the assay value that defines the progression from recent to established infection) can be established a priori. We selected an a priori window period of 6 months to identify recent infections and then identified the best AI cutoff value at 6 months from seroconversion.
The study population showed a number of advantages. In particular, all participants without AIDS had a recent documented HIV-negative test result, which allowed the date of seroconversion to be estimated, and only a short time (about 2 weeks on average) had elapsed between the last negative HIVtest result and the first positive result, which allowed the date of seroconversion to be estimated rather accurately. Information on antiretroviral treatment was available for every participant, allowing us to exclude samples taken during treatment and thus to avoid treatment-induced problems on the determination of the AI.
The main limitation of the present study is the lack of individual information on the HIV subtype, which has been shown to be associated with different patterns of immune response to HIV, affecting the results of some assays for the identification of recent HIV infection (1, 11) . However, a study conducted among persons infected with non-B HIV subtypes showed no influence of HIV subtype on AI accuracy (16) .
Because fourth-generation EIAs detect not only HIV antibodies but also p24 antigen, they have an epidemiological advantage over third-generation EIAs in that the estimate of HIV incidence is more accurate; in fact, this estimate is based on recent infections identified by positivity to the p24 antigen only plus those identified by the low avidity of antibodies (8, 10) . However, when doing so, the 6-month window period is calculated from the date of estimated antigen positivity instead of the estimated seroconversion date.
In conclusion, the AI for anti-HIV antibodies appears to be an accurate serological marker for discriminating recent from established HIV infections also using a fourth-generation assay. At present, given that no commercial HIV avidity assay on an automated platform is available, the described procedure must still rely on a manual preanalytical preparation of samples. However, similar problems arise with other laboratory methods for identifying recent HIV infections (1, 11) . That the testing procedure itself is fully automated has several advantages, such as increased throughput, higher reproducibility, no need for specific technical skills, and easy comparability of results obtained in different settings. The importance of this latter feature must be stressed, given that harmonizing data generated for the detection of recently acquired HIV infections in different European countries represents a priority for the control of HIV spread within and across Europe.
